Studies of the concentration of fungal spores were carried out in the cities of Lublin and Rzeszów simultaneously in 2002. At both sites the volumetric method of measurement was applied, using the Lanzoni VPPS 2000 trap. Only the allergenic taxa were analysed: Alternaria, Botrytis, Cladosporium, Drechslera type, Epicoccum, Torula, Stemphylium, Pithomyces, Polythrincium, and Ganoderma. The research showed considerable differences in the concentration and frequency of spores in the air at the sites compared. Higher mean concentrations of spores were usually observed in Lublin. Only for two taxa were the concentrations higher in Rzeszów. No significant differences were observed for the genus of Polythrincium and Torula. Also the lengths of periods of occurrence of the spores were determined using the 95% method. It was determined that the geobotanical conditions in Rzeszów have a positive effect on the lengthening of the presence of the spores in aeroplankton. The results of the observations were analysed statistically, which confirmed the occurrence of significant differences between the cities compared.
INTRODUCTION
The air contains numerous biotic and abiotic elements. Among aeroplankton particles, fungal spores are the most numerous. Some of the spores are harmless for other forms of life, whereas others cause diseases in plants, animals and humans, as well as damaging wood, metal, building materials and stored food (B u s h et al. 1964) . The most important, from a medical point of view, and the commonest, are the spores of the artificial group of Fungi Imperfecti (anamorphic or conidial fungi). More rarely identified, though equally numerous, are Basidiomycotina and Ascomycotina spores (A d a m s , 1964) .
The concentration of spores is shaped by many factors, which may be biological (daily sporulation rhythm, the availability of substrates for the development of mycelia), climatic and meteorological (temperature, humidity, precipitation), physical (movement of atmosphere, turbulence, convection) or seasonal (B e f f a e t al. 1995; D'A m a t o e t al. 1995).
In Poland the first attempts at determining the content of fungal spores in the air were made in Kraków and Rabka in 1960 (W e i s s , 2000) . Volumetric measurements were started in 1992. Now the monitoring of fungal spore content is done in the scientific institutions of Kraków (S t ê p a l s k a et al. The aim of work was the comparison of concentrations of spores in two places located in different geobotanical units. Ten chosen allergenic taxa were studied.
MATERIALS AND METHODS
Airborne fungal spore concentration measurement was carried out in 2003 in two main cities of eastern Poland, i.e. Lublin and Rzeszów. The cities are located 131 km apart, in different geobotanical and climatic regions.
Lublin is located on the edge of two different climatic areas: highland and lowland Poland. Mean annual temperature is 7.4° C and mean annual precipitation is 550 mm. The vegetation growth period is 200-210 days. In the Lublin area lindenoak-hornbeam forests, with an admixture of spruce, dominate. Both the wheat/sugar beet and rye/potato types of farming occur in the area.
The local climate of Rzeszów has a transitional character between lowlandfoothill climate and mountain climate (mean annual temperature 8.1° C, annual precipitation 620-680 mm). The vegetation growth period is 215-220 days in this area. Natural vegetation of the region is dominated by mixed deciduous-coniferous forests, and hornbeam-dominated forests. Beech woods and oak woods can also be encountered in the area. The main farm crops are wheat and sugar beet.
The analysis of airborne spore concentration was made using the volumetric method with the application of Lanzoni VPPS 2000 type devices enabling continuous measurements. In both cities sampling sites were located in city centres among blocks of flats, near streets with heavy traffic. Due to differences in the installation conditions in the two sites the devices were fixed on roofs of different heights (in Rzeszów at 12 m and in Lublin at 18 m).
Melinex tape was used as the base for the microscopic slides, which were covered by an adhesive layer. After completing a 7-day measurement cycle, the tape was divided into 48-mm fragments corresponding to 24 intervals. The slides were analysed using an optic microscope. From among numerous kinds of airborne fungal spores the concentration of the following taxa was studied: Alternaria, Botrytis, Cladosporium, Drechslera type, Epicoccum, Torula, Stemphylium, Pithomyces, Polyth-rincium, and Ganoderma. All these taxa can be characterised by clear morphological features. The results were expressed as the number of spores·m -3 per 24 h. The main season of the occurrence of the airborne spores was determined using the 95% approach and the sum of the spores was expressed as SFI (seasonal fungal index).
The statistical comparisons of results were made using a procedure proposed by T r i g o et al. (2000) . The taxa that had the same season of occurrence of spores (95% method) in both cities were taken into account. In the first stage the normality of the distribution was tested using one-sample Kolmogorov-Smirnov test. The Spearman test was used to test the relationship between pairs of results originating from two sites. If a statistically significant relationship was found, the Wilcoxon test for pairs was used to test the null hypothesis that there are no differences between sites in the mean concentration of spores in a given period. In the case of the lack of significant differences, the Mann-Whitney U test was applied. Additionally the c 2 test was used to check if the distribution of the numbers of spores of the analysed types were the same. In all the tests significance level was set at a£ 0,05.
RESULTS AND DISCUSSION
Quantitative analysis of the occurrence of the ten studied airborne fungi spore taxa in Rzeszów and Lublin revealed that Cladosporium was the dominant taxon (90.6% and 91.6% respectively). Another comparative study of five Polish townsZakopane, Kraków, Poznañ, Warszawa and Ostrowiec OEwiêtokrzyski (S t ê p a l s k a et al.1999) also showed a clear domination of Cladosporium in all sites. Even in other climatic regions this taxon is the commonest in the air (C o m t o i s a n d M a nd r i o l i , 1996; L a r s e n , 1981). The season of occurrence of the spores in the air started on the 15 th of April in Rzeszów and 25 days later (10.05) in Lublin. There was only one day's difference in the end of the season, which fell in Rzeszów on 22.10 and in Lublin on 23.10 (Tab. 1). In the case of fungal spores the seasonal fungal index SFI differs considerably between years and sites. It was also the case in this study, as in Lublin its values were much higher (Fig. 1 ) and the maximum concentration was nearly twice as high as in Rzeszów (Tab. 1).
The second most common taxon in Lublin was Alternaria 3.3% (Tab. 1, Fig. 1 ). These results are similar to other literature data (S e n et al. 2001 ). However in a region with a warm or semi-dry climate the proportion of airborne Alternaria spores can be even higher. G i n e r and G a r c i a (1995) found that they constituted 27.7% of spores in the town of Murcia (Spain). An increased concentration of Alternaria spores and of Helminthosporium, belonging to the same family, is associated with the cultivation of cereals and some Solanaceae plants, on which they occur as saprotrophs or parasites (H e r r e r o et al. 1996) . The situation in Rzeszów was different and atypical, as the proportion of Alternaria spores was much lower (1.9%) (Tab. 1) and SFI values were considerably lower, as in the case of Cladosporium (Fig. 1) . Large differences were also observed in the length of the season. In Lublin it ranged from the 3rd of June to the 24th of September and was 52 days shorter than in Rzeszów (respectively 14.04-11.10) (Tab. 1).
The season of occurrence of Ganoderma was similar in the two sites (Tab. 1, Fig. 1 ). It started and ended nearly at the same time (start: May 26th in Rzeszów and June 1st in Lublin, end: October 2th in Lublin and October 3rd in Rzeszów). Percentage proportion of the spores was different in the two sites. In Rzeszów it was the second most common spore type (4.2%), whereas in Lublin it was the third (2.8%). In the study done by Craig and Levetin (2000) in Tulsa (USA) in 1987-1996, Ganoderma spores were present in the air on 95% of days between June 1st and October 31st. The maximum concentration of the spores in 1990 was only 12.4% of the concentration observed in Lublin, whereas in 1994 it exceeded the Lublin value by 31%.
Botrytis spores had a similar period of occurrence in the two cities: 20.03-5.10 in Lublin and 28.03-17.10 in Rzeszów; however the maximum concentration of the spores was twice as high in Lublin (479·m
) and the SFI Table 1 Results of descreptive statistics. MFA maximum fungi appearance; Lu Lublin, Rz Rzeszów.
spores m Table 2 The results of Spearman's test. a£ 0,01; ** a£ 0,001; NS not significant Table 3 The results of Wilcoxona (z) i U Mann Whitney (Z) tests. a£ 0,01; ** a£ 0,001; NS not significant value was much lower. (Fig. 1) . A much higher maximum spore content in the air, reaching 1009·m
, was recorded by Diaz et al. (1997) . This difference is probably caused by the climatic conditions of north-western Spain (Ourense), which are much more conducive to the development of the fungus. The percentage of spores of this taxon was similar in both studied sites (1.1%-1.2%, Tab. 1). For comparison, in Sophia (Yankova and Peneva, 1996) , Botrytis had as much as an 11% contribution to the spore count. The taxa that were more numerous in Rzeszów than in Lublin were Epicoccum and Drechslera (Fig. 1) . The spores of Epicoccum occurred in the air of Lublin between May 24th and October 3th, they constituted 0.3% of the annual sum of all the spores, and their highest concentration (127 spores·m -3 ) was low compared to ). In the latter the occurrence season was longer by 49 days and lasted from May 3rd to October 31st (Tab. 1). As far as Drechslera is concerned, its concentration in aeroplankton is higher in Rzeszów (0.4%) than in Lublin (0.1%). In the former city the SFI was also higher, as well as the maximum concentration of spores (90 spores·m -3 ) compared to 59·m -3 in Lublin. Its season started much earlier in Lublin but ended much later in Rzeszów (Tab. 1).
Pithomyces, Polythrincium, Stemphylium and Torula had very low SFI values and constituted a low percentage of spore count in both sites (Tab. 1, Fig. 1 ). Similar results were obtained by H e n r i q u e z et al. (2001) in Santiago, Chile.
For most taxa the occurrence season of spores started earlier in Rzeszów and lasted longer there (Tab. 1). Only the occurrence period of Drechslera spores was longer in Lublin. This may be caused by a different land use type or different vegetation which constitute the habitat of the fungus. The season of occurrence of airborne spores is related to the phenology of vegetation. In the Rzeszów region mean annual temperature is higher than in Lublin and the vegetation growth period lasts longer. This might have brought about the prolonging of the occurrence of the spores. However local meteorological conditions could have had a strong impact as well. In order to study this relationship in detail, climatic elements should be taken into account.
Out of the analysed material only the occurrence of genus Ganoderma in Lublin was characterised by normal distribution (Kolmogorov-Smirnov test), therefore for further statistical analysis only non-parametric tests were used. The analysis confirmed the existence of considerable differences between the studied sites. The distribution of the analysed spore taxa in the studied sites was different (c 2 test). The Spearman test (Tab. 2) showed highly significant correlation of the concentration of spores between the two sites for all the taxa except Polythrincium. In spite of the above-mentioned regularities, it is not possible to explain the daily dynamics in the sites. The percentage of explained variance is very low. Only in around a dozen cases was a growth in spore concentration in one site coupled with a similar growth in the other. The highest degree of compatibility was found in Alternaria and Pithomyces. Thus predicting concentrations using data from one site is impossible. Significant differences in the mean concentration of spores in the studied period (Tab. 3) were found. Higher mean concentrations of Cladosporium, Alternaria, Botrytis, Ganoderma, Pithomyces and Stemphylium were recorded in Lublin, and of Epicoccum and Drechslera in Rzeszów. Only in the concentrations of Torula and Polythrincium were there no significant differences. It must be emphasised that in spite of the fact that the Rzeszów region is warmer with more abundance of precipitation, in most instances allergenic spores were found in higher concentrations in Lublin. The Lublin area is a typically agricultural region with large-scale plantings of crops and most airborne fungal spores are plant pathogens. This may indicate the importance of the substrate suitable for the mycelia for the increase in the airborne spore concentrations.
Conclusions
Analysis of the results shows clear-cut differences between the studied sites. They differ in the course of the occurrence season of airborne spores, and their quantitative spectrum. As a rule, higher concentrations of allergenic fungal spores were observed in Lublin. The results of this study indicate that it is not possible to use the concentrations of spores in one measurement site for prognostic purposes. Explaining the causes of the differences is extremely difficult due to the variety of factors influencing the phenomenon. Some of these are very difficult to determine or predict e.g. agricultural practices, changes in land management and anomalous weather. However, this research proves that it is necessary to extend the network of stations which monitor the concentration of spores in the air, and to set up permanent study sites which will work for many years.
